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Abstract 
Mg2Si films have been prepared by magnetron sputter deposition and thermal process. Metal Mg films of about 380 nm 
thickness were deposited first on Si (111) substrates by radio frequency (RF) magnetron sputtering at various sputtering 
powers, and subsequent annealing was performed in an argon atmosphere. The formation of Mg2Si films was clarified using 
X-ray diffraction (XRD), and the surface microstructure of the prepared Mg2Si films was characterized by scanning electron 
microscopy (SEM). The results showed that the strongest diffraction peaks of all the Mg2Si films  prepared on Si (111) 
substrates were observed at 40.12°. When the RF sputtering power increased, there was a significant increase in the intensity 
of the diffraction peak. However, increasing the sputtering power further to 110W failed to yield further improvement in the 
intensity of the different peak. The optimal sputtering power is 100W for the preparation of the Mg2Si films under 
the present preparation conditions. SEM results indicted that the grain sizes increased with the increasing of the sputtering 
power.
© 2010 Published by Elsevier B.V. 
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1. Introduction  
Magnesium silicide (Mg2Si) is a narrow band gap semiconductor, with an indirect band gap of 0.6-0.8eV [1, 
2], and has a face-centred cubic CaF2 type structure. Compared with other semiconducting materials such as 
GaAs and InP, Mg2Si has been identified as an ecologically friendly material because its constituent elements are 
abundant in the earth’s crust, and it is non-toxic [3].  
However, the easy volatilization and oxidation of Mg become obstacles to obtain high-quality crystalline 
Mg2Si. Nevertheless, some methods have been developed to fabricate Mg2Si. Yang et al used Mg and Si powder 
to fabricate Mg2Si bulk by spark plasma sintering (SPS) [4]. Vertical Bridgman melt growth method was used to 
grow bulk Mg2Si crystals [5]. Chu et al reported that a Mg ﬁlm deposited at room temperature started to react 
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with a silicon substrate at a temperature as low as 200 °C, and no experimental details of the solid state reaction 
were provided [6]. Janega et al formed Mg2Si by rapid thermal annealing of 100-nm-thick Mg layers on Si (100), 
and the Mg was capped with 500 nm of aluminium to prevent it from evaporating during the reaction [7]. 
Vantomme et al obtained Mg2Si ﬁlms by molecular beam epitaxy, and they found that the condensation 
coefficient of Mg on a hot silicon surface is practically equal to zero in the temperature range of 200–500 °C [8]. 
However, few reports about the magnetron sputtering technique for preparing Mg2Si films were published. 
In our previous work, some theoretical analyses of the semiconducting Mg2Si have been made [9-14]. In this 
paper, the magnetron sputtering technique was used to fabricate semiconducting Mg2Si films, and effects of 
sputtering power on the fabrication of the Mg2Si film materials were studied.  
2. Experiment 
Mg2Si films were prepared on Si (111) substrates by RF magnetron sputtering and subsequent annealing. 
Single crystal Si (111) substrates (p-type, purity: 99.999㧑, resistivity: 8-13 ȍ.cm) were degreased with acetone, 
alcohol, followed by rinsing in deionized water, and blow-dried immediately before insertion to the vacuum 
chamber. The base pressure of sputtering system was 1.1x10-5 Pa. Before deposition of Mg (purity: 99.98㧑) onto 
Si substrates, the Mg target was presputtered in a pure argon atmosphere for 10 min to remove oxide and 
impurity layers on the target surface. Mg films were deposited on Si substrates at different sputtering powers of 
60W, 70W, 80W, 90W, 100W, and 110W, corresponding to the deposition rate of 8.7 nm/min, 10 nm/min, 11 
nm/min, 12.4 nm/min, 13 nm/min and 14.3nm/min, respectively. The other deposition parameters such as 
sputtering pressure (3.0 Pa), substrate temperature (300 K) and argon gas flow rate (5 sccm) were constant. In 
order to maintain the same thickness (380nm) of the films, deposition time varied with respect to sputtering 
power during the deposition. The samples were annealed at 500 for 5 h in an argon atmosphere of about 320 Pa 
to minimize the formation of oxides and re-evaporation of Mg.   
The phase analysis of the Mg2Si films was carried out by X-ray diffraction (model: D8 Advance, Bruker 
AXS) using Cu KĮ radiation (Ȝ=0.15412 nm) at 40 kV and 40 mA. Phase identiﬁcation was accomplished by 
comparing the experimental XRD patterns with the standards compiled by the International Center for Diffraction 
Data. The surface morphologies were observed using scanning electron microscope (model: S-4800, Hitachi).  
3. Results and discussion 
3.1 Structural properties 
Fig.1 shows the change of XRD pattern in the range of 2ș=20-80° as the sputtering power increases. The 
diffraction intensity of the sample is relatively weak at an RF sputtering power of 60W. With the increasing of 
RF sputtering power to 90W, the intensity of the sample became relatively stronger, and as the RF power is 
further increased to 100W, it is clear that there is a significant increase in the intensity of the sample, especially in 
the Mg2Si (220) diffraction peak. However, increasing the RF power further to 110W failed to yield further 
improvement in the diffraction intensity of the sample. It can be concluded that the RF power of 100W is the 
optimal sputtering power for the preparation of the Mg2Si films. It is noticed that Si (111) peaks are not observed 
in Fig. 1 because the prepared Mg2Si films are thick because of about 380 nm Mg film deposited on the Si 
substrate and diffusion depth into the Si substrate during the annealing. The second noticeable  peak (from the 
left) is just located at 28.070°, shown in MDI JADE software, in well agreement with Mg2Si (200) diffraction 
peak (pdf data No: 35-0773), far from the Si (111) diffraction peak located at 28.442°. 
In addition, Mg2Si films are observed to have the strongest (220) XRD peak at approximately 2ș=40.12° in 
all of the samples. The reason why the Mg2Si (220) diffraction peak was the strongest peak was the lowest 
mismatch between the Mg2Si (220) and Si, namely, -4.5㧑, whereas there exist higher mismatch between the 
other Mg2Si and Si, such as Mg2Si (111), Mg2Si (200) and Mg2Si (311).  
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Fig.1. XRD patterns of Mg2Si films deposited at different sputtering powers 
These results can be explained by the basal plane in the cubic structures to possess the lowest surface energy 
and maximum atomic density. Increasing the RF power not only enhances the sputtering yield, but also increases 
the kinetic energy of the particles in the plasma. Consequently, Mg particles have sufficient kinetic energy to 
attach themselves to the substrate, hence providing the adatoms with increased opportunities to move to the 
lowest energy state and to form a crystalline film structure with a lowest mismatch. However, when the RF power 
exceeds 100W, the kinetic energies of the secondary atoms will also increase. These high-energy atoms then 
attack the substrate surface, causing the surface damage and affecting the thickness and density of Mg adatoms. 
3.2 Surface morphology 
SEM images of the Mg2Si films deposited at various sputtering powers were shown in Fig.2. Though the 
morphology of the Mg2Si deposits shown in Fig.2 looks like randomly distributed islands, they are definitely 
Mg2Si films. It is confirmed by XRD because there are no Si substrate diffraction peaks in Fig.1. In addition, the 
thick films are often observed to have a porous or rough structure. At the sputtering power of 60W (Fig.2 (a)), the 
grains were about 200 nm in size, whereas they became larger as the power increased. It can be seen that some 
grains grew to be as large as several micrometers in size at the sputtering power of 110 W (Fig.2 (f)). Since the 
annealing condition was kept constant in these syntheses, the size of grain is most likely to be connected with the 
deposition condition, namely sputtering power. The grain size increased with the increasing of the sputtering 
power because the ions or ions clusters can obtain more energy prior to collision with substrates. The ions or ion 
clusters with higher energy can easily adjust their own bond direction and length so that they obtain optimum 
bonding to the adjacent atoms, and this helps them to nucleate and grow up. Together with the results of XRD 
analyses, it can be deduced that such large grains were composed of Mg2Si phase. 
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Fig.2.SEM images of Mg2Si films deposited at different sputtering powers: (a) 60 W, (b) 70 W, (c) 80 W, (d) 90 
W, (e) 100 W and (f) 110 W 
4. Conclusion 
Mg2Si ﬁlms were obtained on Si (111) substrates by magnetron sputtering technique at various sputtering 
powers. The effects of sputtering power on the structural and morphological properties were studied. X-ray 
diffraction studies revealed that the obtained films were polycrystalline. When the RF sputtering power increased, 
it is clear that there was a significant increase in the intensity of the diffraction peak. However, increasing the 
sputtering power further to 110W did not yield further improvement in the intensity of the different peak. The RF 
power of 100W is the optimal sputtering power for the preparation of the Mg2Si films under the present 
preparation conditions. SEM images showed that the grain sizes increased with the increasing of the sputtering 
power. 
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